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CHAPTER I 


INTRODUCTION 


There exists a great deal of interest in calculating the radiation 
patterns of airborne antennas and other complicated radiating struc- 
tures. One of the approaches that has found great success for analyz- 
ing these types of problems is the Geometrical Theory of Diffraction 
(GTD). 

One of the biggest advantages of this method over others is that 
complex structures can be modelled using much simpler structures. These 
simpler structures can be analyzed using the results given in Chapters 
Two through Five. To be able to obtain an accurate radiation pattern, 
one must take into account the scattering structures. Thus, GTD also 
provides a means of identifying the significant contributions from 
the complex structures in the resulting antenna pattern. 

The scattering and diffraction by objects which are large in terms 
of wavelengths is essentially a local phenomenon associated with speci- 
fic parts of the object. GTD, which is a high-frequency approach, 
is applied and extended here to include diffraction by flat dielectric 
slabs. 

The GTD method originally developed by Keller and his associates 
at the Courant Institute of Mathematical Sciences C 1,2, 3D fai Is in the 
transition regions adjacent to the shadow and reflection boundaries. 

For that reason, many people did not see the importance of this method 
for many years. The GTD is an extension of Geometrical Optics that can 
be justified by the generalized Fermat's principle, which is introduced 
in Chapter Three. 

The Uniform (GTD), developed at The Ohio State University, provides 
expressions for the diffracted field such that the total high-frequency 
field is uniformly continuous across all transition boundaries. Expres- 
sions have been developed for electromagnetic fields diffracted from 
edges and vertices in perfectly conducting surfaces due to sources eith- 
er on or off perfectly conducting convex surfaces. 

The problem of interest in this thesis is the radiation of an 
antenna mounted on a perfectly conducting convex surface in the presence 
of a m-sided, finite dielectric plate, as illustrated in Figure 1, 
where m=4. 
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V RECEIVER 


Figure 1 


n « UNIT VECTOR NORMAL 
TO THE SLAB 


Curved surface mounted antenna radiating in the 
presence of a thin dielectric plate. 











It is assumed here that the plate will not be attached to the convex 
surface. The total field at the point (p) may be expressed as 

^tot ^ ^ ^^r ^ ^t^t + ^ j 

where V is the source field, is the reflected field from the plate, 
is the transmitted field, and r is the total edge diffracted field. 
The functions u , u , and u are unit step functions included in 
Equation (1) to emphasize the.discontinuities in the geometrical optics 
(G.O.) solution. Note that E^ represents the direct source field or 
the curved surface diffracted field. 

Chapter Six discusses a systematic way of computing the individ- 
ual terms of Equation p). and thus obtaining the total field by super- 
imposing all the individual field components. The geometrical optics 
solutions, the transmission, and reflection coefficients for lossy 
dielectric pabs, which are needed in order to calculate the total 
field are discussed in Chapter Two. The modified edge diffraction 
coefficients valid for wedges whose walls are lossy or lossless 
dielectric or perfectly-conducting plates are presented in Chapters 
Three and Four. It is assumed that the interior angle of the wedge 
is either close to 0° or 180°, and the width of the dielectric plates 
is less than a quarter of a wavelength in free space. Chapter Five 
briefly discusses surface diffracted rays from arbitrary convex sur- 
faces. Analytic and measured results for the radiation pattern of an 
antenna mounted on a spheroid are discussed in Chapter Seven. Finally, 
Chapter Eight is a summary of all the results presented here. 
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CHAPTER II 

GEOMETRICAL OPTICS FIELD 


969^etn'cal optics field is the leading term in the 
asymptotic high frequency solution of Maxwell’s equations and it 
IS also the leading term in the GTO and UTD high-frequency aoDroxi 
nations. The G.O field is equal to the sum of th^lSg term^ 
in the incident and reflected fields as shown in [4] Their fields 
can be expanded in a Luneberg-Kline series for large u of the form 


E ^ exp(-jk4)) y -2 — , 
m=0 (jw)'” 


( 2 ) 


where k is the wavenumber of the medi 
pendence is assumed and suppressed. 
(2) is given by [51 


urn, and an exp{jo)t) time de- 
The leading term of Equation 


E(s) exp 


-jk'/'Cs) 


^ ^n(o)exp -jkijj(o) 


/ 


PlP^ 


T^J(p2+s7 

(3) 

where s=0 is the reference point on the ray path, and pi p, are 
ill^igu?e'2! curvature of the wavefront at sJ’as shown 


Equation 
leading term i 
account the pol 
field, which is 
s=-p], -p 2 , Equ 
at the caustics 
of propagation, 
of ir/2 can be i 


(3) is known as the geometric-optics field. The 
n the Luneberg-Kline asymptotic expansion takes into 
ari 2 ation and wave nature of the electromagnetic 
not the case in classical geometrical optics. At 
ation (3) becomes infinite, so the solution fails 
As one passes through a caustic in the direction 
ntroduced changes and the correct phase shift 


From V.E = 0, one obtains [41 


-^0 


= 0 , 


(4) 
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where s is the unit vector in the direction of the ray path. This 
equation indicates that the electric vector of the geometrical optics 
field is orthogonal to the direction of propagation. Using 
VxI=-jo)pH, one obtains an expression for H of the form 

H'-V^SxE (5) 


where 

c 



In order to calculate the reflected field, consider the geometry 
of Figure 3, where the incident field is a high-frequency electromag- 
netic field, and S a smooth curved perfectly conducting surface. 

Using the boundary conditions_for the total electric field on S, 
the following expression for is obtained 


E'"(o)=EQ(o)exp 


-jkf (o) 


=E’(q„). 


!=%[ei 


eiiell- 


eieii 


( 6 ) 


where is the reflecting point, R the dyadic reflection coefficient 

and E’(Qp) the incident electric field at Qo. The unit vectors 

eii, eii, and e^will be defined more carefully in Chapter Four. 
Combining Equations (3) and (6) 


E''(s) = E'(Q^) 



exp(-jks) 


(7) 
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Figure 3. Geoiietry depicting the reflection 
by a curved surface S. 


P P 

where p,, p„ are the principal radii of curvature of the reflected 
wavefront at Qj^. 


It can be shown that 

^ 1 A Am A 

s -n = s *n . 


( 8 ) 


This equation eads to the famous Law of Reflection. That is, the 
reflected ray lies on the plane of incidence, and the angle of 
reflection 6^ is equal to the angle of incidence 6,-, where both 
angles are measured from the unit normal n as shown in Figures, 
thp plane formed by the incident ray and 

in^[4? thV° surface at the point of incidence. It is shown 



( 9 ) 

( 10 ) 
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Expressions for fi and fo are aivpn in Fri * 1. 
of an incident spllerical^wave ^ ‘ ^ special case 

. 2 - -.2 


1 


1 

cose 



ll^^^,sineA, /, /sin\ siVeA . 


/ 

( 11 ) 


for tSe principal directions and th^oHn'^- ^^P'^essions 
OJ the_.ef,ect?d field 


Reflection and Transmi<;«;i 


on 


to obtain the refi^rfow ^ Pe calculated in order 

Slab Jan be a lo"rJJ iojs ^^ 5 III.?"'' folds' Tbe 

plate. The t»o dinsional ( 2 - 0 ? JaJfw fi ?I "9 

and later in Chanter Fmir case will be considered first. 

generalized to thJ «rrjeJJ?a?'‘?T''°"=‘ “se are 

system is defined. ^ ^ ^ ^fter a suitable coordinate 

refers‘^?S'JSe'’’41dJj? '''9ore 5, where ?< 

transmitted ray ^ '^''® ''of’ootoO ray. and T‘ to the 

and a 44 d.W 2 Js4^„4T4Jium-'butT)' "’'"i 

tfs.losS is due to and „ only. ih:j‘';4;f!"? 

for thJ"bjMdJrJ°shJm iIl'Ft™Jrr°Jh?"ho‘''?"'"""'°" coefficients 
and F have to be satisf Jd boundary conditions on H 

at the boundary, one eotains ’ assuming there are no sources 


Ed) ,p( 2 ) 


Applyin 

zation 


- -r jan = 0 nx^F'''-n'fJ=o. (, 2 , 

the followino "® ' J' b'9"0) one can directly 


jjO) . jjU) 


. . . ' • - . M u I ^ U I d r r n 

obtain the following expressions 


ectly 
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Figure 4. Geometry for the analysis of the reflected 
wavefront. The reflecting surface is S. 

Intersection o^ a principal 

plane of S at Q„ with S 
Intersection or the plane of 
incidence with the plane 
tangent to S at Qp 

^tension of the reflected ray 

below S. 




hz * *z * 

MEDIUM 2 


Figure 5. Geometry in the plane of incidence (z-y plane) 
for a wave at oblique incidence. 


u)P 2 Cos 6 . - (R cos 0 ^-ja)n^ 
aiir2'cos0’ I '+ 'fs cdsO'^*- Jayn^ 


03) 


2 ( 1 )^ 2 ^ 059 ,- 


T, = 1 + R, = 


i “ (i)U2Cos¥r + Xb l^dso^^djn^ 


0 ^’ 


k ^ p ^ e 1 k2 * 


(oii^ 

2/e^-k^sin^o' 



(1: 


a 


(1 




( 17 ) 


2 (l«2^k^ 




2 2 
U^-k^sin^e^) + (WP2O2) 


f' t 

thus one can express and at the boundary (z»0) as 

eI(z»0'') = R^e|(z=0^) e{(z= 0') = TiE|(z»0*) . 


(18) 


For a lossless, nonmagnetic medium, i.e., u„=0, t-=k„, and p,=ij,=m 
one obtains 1 0 


cos0^ - (e2/e^ - sin^O^) 


= 


,• 1/2 


cose’ + (e2/e^ - sin^e’) 


, 1/2 


, and 


(19) 




2cos0 


1 


cose’ + (e2/ei - sin^e’) 


: 1/2 * 


( 20 ) 


In order to express cos0^ in terms of sine’, one has to use 
Snell's law for the lossless, nonmagnetic case 


sine 


inA<^ sine’ = 




s^ne 


( 21 ) 


The expressions for the other polarization (H-field perpendicular 
to the z-y plane) are 


R|. = 


T„=l+R„ = 


e 2 /e^cose’( l-jtan6) - (e'cosO*'-ja/k^ ) 
e 2 /e^cose’( l“jtan6) + (B'cose^-ja/k^ ) 

2 G 2 /e^cos 0 ’ ( l-jtan6) 


e2/£|Coso’(l-jtan6) + (B'cos0^-jo/k^) * 


where 


( 22 ) 


(23) 


tan6 = ^ , and 6' = B/k^. 


(24) 
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For a lossless, nonmagnetic medium, i.e., n„=0, n,=-Up^ii , 
one arrives once again to the familiar expressions ^ ° ^ 


R.I = 


i 2 i 

ep/e,cos6 - (cp/ci-sin e ) 

T~V/2 ’ 


e2/e^cos0’ + (e2/epsin^0^ ) 


T„ = 


2c2/e-|COS0 ' 

C2/e^cos0 + (e2/e-|-sin 0 ) 


(25) 


t 

In this case, one can express and at the boundary (Z=0) as 

h[(Z= 0'^) = R„H^(Z=0‘'), and h}{Z=0“) = T„h1(Z=0^) . (26) 

The simplest case is when medium #2 is a perfect conductor (a^=“). 
In that case ^ 


R, = -1. T. = 0, 


R„ = 1, and T„ = 0. 


(27) 

(28) 


B. Reflection Coefficient of Dielectric Slab 

Now let us consider a more general problem, a dielectric layer 
of thickness d with dielectric constant e . (real number), and 
"loss tangent" tan6, as illustrated in Figure 6. 

When an electromagnetic wave arrives at the front face, the 
wave is split into two waves, a portion of its energy will be re- 
flected and the rest transmitted into the layer. At the opposite 
face of the slab the wave is split again, some of it being transmitted 
and the rest reflected back toward the front face. This process 
continues until the portion of the wave trapped inside the slab 
has completely left the layer through the front or bark faces. 
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f<c,e„?s,ir:f,;°L\i,j?„^?^r5;??„'^i,:t;?::?„T'-^^ 

R, = reflection coefficient for the initial external reflection 

R 2 - reflection coefficient for the internal reflection 

T, = transmission coefficient into the dielectric layer 

= transmission coefficient out of the dielectric layer 

for the difference in path length 
to the observer for different rays leaving the laver^ 
as Illustrated in Figure 7 ^ ^ ’ 

' Sf “belli “ ^'" 9 ’® 9'-»«1ng 


2<si 



© 


Figure 7 Difference in path length to observer for 
different rays emerging from slab. 
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?an be «pj«sed e]; * “ P«>'"-'aatfoe (« or i) 


'tot 


Hot 


= (r, * TjT^R^P^P^ + TjTjrIpJp^ r 


or in a more compact notation 
^2/ 


= f , * t,t, I 


(R,)2"-3(pj2n-2(p . 


n-ljei 


(29) 


(30) 


From the definitions given above, it follows that: 

P„=e-“''e-JM. p , -(cA,+jB'cos0j)2dk, 

da 


For the lossless case. 



where 


(31) 

(32) 


I'd ' ‘ • (33) 

It can be shown that R^^-R,, where both coefficients have been defined 
earlier. Recall that T,=R,rl and T^^R^a) = ,.r,. substituting these 
into Equation (30), and making use of the geometric series relation 
00 

„^0 "" ° (34) 

one obtains 



'’iC - Pd‘*a) 

1 - R?P^P 
I d a 


(35) 
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or 




where 


(**»•!•) 1 _ 0^ p^p 


( 36 ) 


(37) 


Note that for the case of parallel pola’^ization, the reflected and 
transmitted T-field, in general will not have the same direction 
as the incident T^-field. 


C. Transmission Coefficient of Dielectric Slab 


By the same argument as in the reflected field, the total 
transmitted field is also equal to an infinite sum, which can be 
expressed by 


Wt 


d d a 2 d a 2 


or 


:t ^ 
"tot ” 


TiT2PtI_^ (Pd)^"‘^(Pa)""’(R2)^"'^ 


e\ 


(38) 

(39) 


where is the incident field at the front face of the slab, and 
H. is the term used in order to refer the phase of the transmitted 
field to the point of reference A, as illustrated in Figure 8. 

Note that is given by 


P 


t 


jk^jlcos(0^-e^) 

e 


(40) 


Following the same procedure for the transmission problem one obtains 


or 


1 - R?P?P, 

1 d a 

^tot(",i) = "^(n,!) ^(ii,i) 


(41) 

(42) 
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b) An actual path. 

Figure 8. Transmitted ray paths. 
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where 


_ 0 - ’’d '’t 


( 43 ) 


The coefficients and just derived, are valid 

for flat layers of constant thickness, where the incident field 
is approximated by a plane wave. 
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CHAPTER III 

TWO DIMENSIONAL EDGE DIFFRACTED FIELD 


The geOTetrical optics fields have two very serious defects, 
which makes them marginally useful in solving the problem mentioned 
at the introduction. These two defects are 


(1) G.O. fields are equal to zero in the shadow region, and 

(2) there is a discontinuity in the field at the shadow and 
reflection boundaries. 


The shadow and reflection boundaries are shown in Figure 9. 



Figure 9. Geometry for 2-D edge diffraction. 
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To overcome these limitations an additional field, known as 
the diffracted field is added. Keller, who was the first to intro- 
duce this idea has shown in [1,2,3] how it can be added in the high 
frequency solution as an extension of geometrical optics. The 
postulates of Keller's theory, known as the Geometrical Theory of 
Diffraction (GTO) given in [4] are: 

(1) The diffracted field propagates along rays which are 
determined by a generalization of Fermat's principle 
to include points on the boundary surface in the ray 
trajectory. 

(2) Diffraction like reflection and transmission is a local 
phenomenon at high frequencies, which means that it depends 
only on the nature of the boundary surface and the incident 
field in the immediate neighborhood of the point of 
diffraction. 

(3) The diffracted wave propagates along its ray so that 

a) power is conserved in a tube (or strip of rays), 

b) the phase delay along the ray path equals the product 
of the wave number of the medium times the distance. 

Diffracted rays are initiated at points on the boundary surface 
where the incident geometrical optics field is discontinuous, i.e., 
at points on the surface where there is a shadow or reflection 
boundary. These rays, like the geometrical optics rays travel along 
paths which make the optical distance between the source point and 
the field point an extremum, usually a minimum. For example, a 
ray path which transverses a homogeneous medium is a straight line, 
and if the ray path lies on a smooth curved surface, it is a surface 
extremum or geodesic. 

The total high-frequency field at an observation point is 
obtained from the fields of all the rays passing through that point. 
The uniform GTO (UTD) requires that the diffracted field compensate 
the discontinuity in the geometrical optics field at the shadow 
and reflection boundaries so that the total high-frequency field 
is everywhere continuous away from the radiating body. This implies 
that the diffracted fields assume their largest values near these 
boundaries, where their magnitude is comparable to those of the 
G.O. field. 

A general expression for the high-frequency edge diffracted 
field given in ( 4 I is 
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whers o is an arbitrary referenrp nrrinf t*. i 

to choose the point of diffract ion^Sl J^o practice 

which it emanates as thp boundary surface from 

diffraction happlnrtil oin^^^^ O'- Une of 

field, and sincfFp f i. caustics of the diffracted 

limit as pi or po dpiroach point the 

the case wJere t^e caustic fr^t in diffracted field for 

c I.ne causcic IS at an edge assumes the form 


^(s) 




P 

sTp+sT 


,-jks 


( 45 ) 


fraction^Ld^the^second caust?c 

this surface. ThredSe difJJl^tpJ ^^^r^acted ray away from 

tube of rays as shown^in Figure 2 witreither^thJ «f^9^atic 
3-4 at the point of diffraction Nntp caustic 1-2 or 

which can determine frm diffprpnt?^? that an expression for p 

The edge may be an ordinary edge formed^hH^^^H-*^’ ^ 

unit normal vector, an edge fo?Ld b^ J df ’-o the 

curvature, or an edge formL hic Jlsc?otmuity in surface 

derivative of the surface as shown i^FiguJ^ 10.’" 




B. DISCONTINUITY IN 
SURFACE CURVATURE 


i 



C. OISCONTIflUITY IN 

electrical PROPERTIES 
OF THE SURFACE 



0. THIN WIRE 
DIFFRACTION 


Figure 10. 


Diffraction from lines of discontinuity. 
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According to Keller's 2nd postulate, diffraction is a local 
phenomenon, and since one is dealing with a linear phenomenon, A 
is proportional to the incident field at the point where diffraction 
is initiated. 

Assuming that the magnitude of the incident field is not varying 
rapidly near the point of diffraction, I has the form: 


A = r’(Qg) • 0 (45) 


where is the point of diffraction, and 6 the dyadic diffraction 
coefficient* The edge diffracted field can be rewritten as 


r^(s) 


= f’(QE) 


d/ 


p 

s(i»fsT 


,-jks 


(47) 


Applying the generalized Fermat's principle one arrives as 
shown in [8] to the equation 


/V A, Ay-* /V A 

s = e • s = e • s 


(48) 


The unit vectors e, ^ , s are illustrated in Figure 11. It follows 
from Figure 11 where the angles 8o and are defined that 


cos8q = e . s' 


cos8q = e • s 


0 1 6^ < ir/2 


0 5 Pq < 


(49) 

(50) 


For the 2-0 case 


cose; = cosB^ = 0 or 6^ = = u/2 . (51) 

Note that is the angle of incidence, and go the angl 
fraction. From Equation (48) Keller's Law of diffract! 

The angle of incidence g' is equal to the angle of diffraction 
Bo* This means that the diffracted rays emanating from Qc form 
a cone whose half angle is Bq and whose axis is the tangent to the 
edge. The incident and reflected rays from Qp also lie in this 

COflC« c 


e of dif- 
on follows: 
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The expression for p given in Jsl is 


1 

P 



asin^Bj, 


( 52 ) 




where 

Pg = radius of curvature of incidgnt wavefront at Qr in the 
® plane which contains s' and e. 

e = unit vector tangent to the edge at Q^. 

n = unit vector normal to the edge at Qp and directed away 
from the center of curvature of the^edge. 

a = radius of curvature of the edge at Q^. a>0. 

A special case, is the straight edge where and the expres- 
sion for p simplifies to 




(53) 


A general expression for the dyadic diffraction coefficient for 
a perfectly conducting wedge^expressed in terms of the coordinate 
systems (s, Sq* (s'. 66» ♦') ('"'hich will be defined in Chapter 

Four where the 3-0 case is treated) is 


6(<t>.<t>*;s;,) = - 6^6^ 05(<t.,(>';e') - $'$0^{<|.,<|)';8') (54) 

where is the scalar diffraction coefficient for the acoustically 
soft (Dirichlet) boundary condition at the surface of the wedge, 
and Du is the scalar diffraction coefficient for the acoustically 
hard (Neumann) boundary condition ~ 


The region close to the reflection and shadow ooundaries are 
known as transition reo’ons. In these regions the total field 
changes rapidly, and the magnitude of the diffracted field as indi- 
cated before is comparable with the incident and reflected fields, 
which are discontinuous in these regions. The diffracted field 
must be discontinuous at shadow and reflection boundaries to yield 
a continuous total field everywhere as prescribed by UTO. 
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A* Scalar Diffraction Coefficients for a 
perrectly-Conductino We3ge 

rnnA diffraction coefficients of a perfectly- 

conducting wedge which are valid both, within and outside the trans- 

lilln ♦*•0. ♦“nJ surfaced are 

+ C0t(i^1)F[kL''V(»H')]j] , (56) 

Where F(x) is known as the transition function. The variable a"(+'^'^') 
IS a measure of the angular separation between the field point and a 
shadow or reflection boundary. The additional superscripts o, n denote 
that the radn of curvature are calculated at the reflection boundaries 

and (2n-l)ii-^.', respectively. These boundaries are illustrated in 
Figure 13. 

The transition function is defined as follows: 


F(x) * 2j/5( e^^ / dr , x = kLa(<^^<^') 


(56) 


rSot!'' "wherx'ls'Lll?,’’''*"'"’*' of ‘"o 


F(x) 


^ - 2X6'*’'/'^ - I ^ 


and when x is large 


n ,j(«/4*x) 


(57) 


F(x) 


7 


if X > 10 

F(x) : 1 
and for all x 


(58) 


(59) 
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If^(x)| <1 0 < phase of F(x) < ti/4. 

A plot of |F(x)| aod phase of F(x) Is .jivee ip Figure 12, 
Let 6 = (j) + 

+ + 

3 (6) = 2 cos^ (— ^!![ 

' 2 I . 

+ 

where N are integers which most nearly satisfy 
27rnN - g=ir , and 

2TrnN' -s = -tt . 

Distance Parameter"; 

The distance parameters are defined as [8] 
i i .2 


Pe^Pl+s)(p’+s) 

l_r _ ^^Pe'^s)p!|'p^ 

Pe^P?+s)(pJ+s) 

i i 


and 


(60) 


(61) 


(62) 


(63) 


(64) 


(65) 


ri ‘’1’ ‘'2 ‘•'f PF'hcipal radii of curvature of 

the reflected wavefront at Qj, and is the distance between the 

nL th“t 

L8J. Note that is given by 


r 

Pe 


~T 

Pe 


2(n.ng)(s'. n) 
a sin^B 


(66) 


Where n is the unit outward vector norml to the surface near the edge. 
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r 




< I ^Uf c 


T , 'action Doundai 
different angles of incidence <t>' . 


finds “It I™ I?™"! '' *"‘--‘*"9 Planar surfaces, one 

curved, the spreading of the refWoH^! surfaces forming the wedge are 
the incident wave. Th?s means that different from that of 

fleeted and diffracted wavefronts at of curvature of the re- 

different from the radii of curvature nf shadow boundary are 

»avaf.„ts at t. iuc.dent 


field. 


C. 


and L are needed to obtain a continuous total 

Scalar Diffra ction Coefficients for a 
Di_electric-Dielectric /Metal Junrtinn 

conductin^«sl^^O^•^dud0^diff^IaiOr^^ perfectly- 

electric plates, or a dielectriO!™J^f 1 ^ J‘^^?tion of two di- 

14 , the following assumptions are made ^ illustrated in Figure 

(a) n 1 , or n = 2 

(b) the width of the dielectric plates is a 
small fraction of a wavelength. 
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DIELECTRIC 

i __ METAL 

1 2 - n ) IT — ^^***<1^^ 


METAL- BACKED DIELECTRIC 
/ METAL 

^ 12 ” 


METAL- BACKED DIELECTRICS 

/ / 
smzsmsiijjj^ 


DIELECTRIC 

/ 


METAL- BACKED DIELECTRIC 


Figure 14. Various geometries for which the junction diffraction coefficient 
is valid. 


I 


Let us assume that Ds is given by 

h 


s s 

! X X M J 1 hr 


Ds(4.,4>';8q) = LqDq(<^-<|.') + L^D^(4.-4,*) + aJDq(<^+4,') 




s s s s 

where lJ, l|J, aJ and a[| are constants, and 


DUU') = 


_e*J>/4 
2n/'27rk sing. 


,11+ ((bid 


1 

^ a' 


+ 4 / + 1 \ 

0„(4.t*') cot(Szk yi ) 

2n>/2irk sinB 


where again the subscript o refers to the 0 surface and n to the 
nir surface as illustrated in Figure 13. 

It follows from Table I, and Equations (68)-(69) that D 

yi*' ‘l!" boundary d4oiti„u t>d}e*to 

the 0-side of the wedge, and D (,b+<b') takes care of the reflection 

associated with the same face. Likewise, 
wedge" ^ nir-face of the 

i 5 perfectly-conducting case, the reflection coefficient 

I r +1. Thus, for the special case {a=<-) L =L =1 and 

Since the coefficients A^, A^, and L^ multiplying the D , 

and Dq terms in Equation (67) are all constants, the l’ and L*" 
parameters do not change. This adds a restriction to the surfaces 
(dielectric) making up the wedge; they will have to be flat, so 
the radii of curvature of the transmitted field is the same as the 
incident field at the incident shadow boundary. This is a necessary 
shown ^below" obtain a continuous total field as will be 
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where 


Near the shadow or reflection boundaries, i.e., 6 > 2 .nN*?(.-c) 
cot(l||) F(KLa'(B)) nj^/sno: sgne-2lcLteJ"^''l>''^ (70) 


e >0 (Lit region) e<0 (Shadow region). (71) 

Near the shadow boundary due to the 0 -face of the wedae i e 
4> +n boundary as shown in Figure 13 . 

TABLE I 

The cotangent is singular value of N 
at the boundary 


I rnf fit 



<P ~ - n, a SB 

surface c|>=0 is shadowed 


cot ( <|) = 4 >' + TT, a SB 

\ / surface ())=mr is shadowed 

cotfe(ff.A «J> = (2n-l)7i-<j,'. a RB 


N'^ = 0 


N~ = 0 


n J\ reflection from surface 41= 


nTT N = 1 


Tr-f(l>+ 


Hi) (I) = TI- (}>■, a RB 

n J reflection from surface (|>=0 N~ = 0 




0 


E (SB) -V- e y/-ZZIl pT/ript vL’sgne 

''mp+s) '' - HinS ■ ■ '-0 * continuous 

0 J terms 

Where the term containing a has been neglected because orO. Recall that 
/ij s(0e ♦ s) ojoj ' 

^ L »:('»Fs)To]:s 7 j ’ '^3) 


1 1 n .(s'-s) 


P pi 


p a sin 3 
e 


Further at the shadow boundary s'=s = - = U, thus 

'' p1 


E^,S3, . - 


Equation (75) simplifies to 


s(pg+s)pjp2 

s(Pe+s) 

+ small continuous terms. (75) 


E'^(SB) . - ^ E^QE) / ^ ."^ e-Jks sgne 


(pj+s)(p’+s) 

+ small continuous terms. (76) 


e'(s) = e'(QE), 


K4 


.-jks 


(s+p j)(s+p2) 


(77) 


On the shadow side of the '"Hr boundary 


E*'‘"""(s) = T E*(QE), 


/p] P2 


(Pj+s)(p2+s) 


.-jks 


(78) 


^^^.^^^'I'Pission coefficient for the 0-face of the wedge. 

Jhp only. The total field on^ 

the nt side of the <t> +n boundary (e>0) is 


e‘°‘(s) = eVs) * E^s) , 


(79) 


and in the limit as e>0 from the O"^ side 

e‘“‘“'(s) = e'(QE) 


- 1 I) 


(s-»p j)(s<p2) 

+ small continuous terms (80) 
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but 


E^°^s) 


= e’(qe) 


1 1 
Pi Pa 


(s*p[^ ‘2-*V 


E^°^(e>0) = E^°^e<0) 


+ small continuous terms (81) 


(82) 


therefore 
L. 


or 


- ^ + 1 = ^ + 




(83) 


(84) 


for L . ^ ^ Mgure 13) to obtain an expression 

H “ 


L- = 1 - T 
n 'n 


(85) 


where is the transmission coefficient of thenn^ace of the wedge. 
Near the ir-(((' reflection boundary 


D^((|H-<)i') -v - 

2n/2irk 


sinB 


0 ^ 


A 


2iikL'"° sgne - 2kL'"°eeJ^ 


eJTT/4 

(86) 


and 




sqne 


+ small continuous terms (87) 

where again, i.he term containing e has been neglected. Recall that 
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0 


( 88 ) 


r 


I 

I 



Where 



1 _ I 2(n.rig)(s'.n) 

— ^ 

Pe Pe asin^B^ 


(89) 


and n is the unit vector normal to the o-face of the wedge near the 
reflection boundary in addition, 


s' *n = - cos0^. 
and 


1_ 

r 



2n-ngCos6^ 

2 

asm 8 q 


(90) 


(91) 


Letting n-n = cosa where u is the angle between n and n , one finds 


that 


i_ _ 

J" ~ 1 

PQ Prt 


2cosacos0^. 

asin^B 


(92) 


It can be shown that 


^ A 

Pg-s' = -cos( 0 .+a) 
and 

A A 

Hg'S = COS(0^.+u) 

at the boundary. It follows that 


(93) 

(94) 


2 

P 


^ ^ cPs(Gj+a)+cos(^a) 

p’ asin^B^ 

c 0 



2cos0.cos0 
1 

. 2 

asm 6 q 


(95) 
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therefore - = — at the reflection boundary such that 

^ Pr r n 1/2 

ro^ro 

E‘^{RB) 'v 4 E^(QE) sgne 

{S«l)(S*Pj )J 

+ small continuous terms. 

The reflected f:<ld at a distance s from the edge in the lit side of 
the reflection boundary is n 1/2 


E'"(s) = e'(qe) R, 


" ro ro 
P P 
1 2 

/ ro\/ . ro» 

(s+p^ )(s+p2 ) 


j-jks _ 


where R^ is the reflection coefficient of the o-face of the wedge. 

The total field in the lit side of the boundary (e>0) is 


gtot(s) , £r(g) ^d(^) + 

and in the limit as t>-o from the 0^ sidj 


E^°^(s) = e\qE) 


ro ro 
P P 
1 2 


(s+p[°)(s+p5°) 


e'J'^^(R„-4) + E^(s) 


small continuous terms. 


For e*0, i.e., the shadow side of the reflection boundary, and taking 


the limit e-+o 


p'^°p'^° 

ctot,^) ^ LJ + E (s) 

2 , ro., ro ° 

(s+p^ )(s+p2 )J (100) 

+ small continuous terms. 
Since the total field has to be continuous, it follows that 

or A^.R„ . UOl) 

Following the same procedure at the (2n-l)TT-i>' reflection 
boundary due to the mi-face of the wedge, one finds that 


K = Rn 
n n 
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where is the reflection coefficient of the n-face. 

way Oh 2-D case can be written in the following 


°h (l-Tn)On (4>-V) + 


(103) 


Equation (’03) reduws to the more familiar expression for where 
^o“^n~0* perfect conductor, 

Dh(4>,^ .6^) = D^(<p-<p') + D^(,^.,j,')+ [0jj(^+^') + D^(4,+,^')] (104) 

mI?eria?\erTcaicu!a?e5 f»r the dielectric 

for wedge, whoce fare, are flat dielear?c laye?s'‘'SSti‘?hlt’for{ie 

2-0 case R^=r", and T^=T“. 

becaese'fSe^^'ffra“Ld^feV,■^ca^M 

is onp linp ®°a.- ® ° calculated assuming that there 

Of ziiortir^ 

fllld 'fr™ b''nth''S*''’'"V'^ »"b x^bld'obUin Tdiffraaed 

field from both edges making up the thick edges of the slabs. 

It is possible to obtain a diffraction mpffiripnf 4 -Kr> 

tziferTorh: S"iTo'%TXz^„t ^h1^'^r■'“ 

siililis 

Obtain a confJn'^s'J^Earneld e«?^ '“fS‘X?it*l 

one would have to obtain PKnrp««inL ^O'^Vlete the solution 

Sion coefficients ;aHd^o“^”r”^3"^:i«tV1c^?:;:r'!;°" 
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CHAPTER IV 

THREE-DIMENSIONAL SLAB SCATTERING 


In order to expresr. the geometrical optics and diffracted 
fields in three-dimrn?ions (3-D), it is necessary to define a suitable 
set of coordinate systems. Obviously there is 
coordinate systems that one can choose, 

convenient than others. Thus, one must pick the coordinate syst..m 
within which the expressions for the fields are the simplest. 

A. Ray-Fixe d C oordinate System 

In the case of the geometrical optics fields, the natural 
coordinate system is referred to as the "ray-fixed" coordinate system 


and is defined by 


A A 1 

A n X s' 

In X s' 1 

(105) 

- s' X Uj^ , and 

(106) 

ul, » S X Uj. , 

(107) 


where n is the unit vector normal to the surface at the point 
dSence « ZZ in Figure 15. Note V it the f ‘ 

in the direction from the source to the surface, and s is the reflec 
tion unit vector from the point of reflection to the observation 

point. 

The plane of incidence is the plane containing s' and J. ^ 
the plane of reflection is the plane containing s and n. It follows 
from^the law of reflection that both planes are the same. Note that 
(j.) and (ii) indicate vectors perpendicular and paran^l to J 

cfincidence, respectively. The unit vectors (s' .Uj.,uJ 
normal basis set of coordinates for the inj;ident and transmitted 
fields. Likewise the unit vectors {s,u^,u„j form an orthonormal basis 

set for the reflected field. 


B . Edge-F ixed Coord inate System 

The coordinate system defined above, although ideal 
G 0 fields it is not the natural system for the diffracted fields. 

s,st«. used to define the dy.dic diffraa.on coeff.c- 
ent is referred to as the "edge-fixed" coordinate system. 
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First of all, two new planes need to be defined; the edge- 
fixed plane of Incidence, which contains the Incident ray and the unit 
vector e tangent to the edge at the point of Incidence QE, and the 
plane of diffraction, which contains the diffracted ray and e. Both 
planes are Illustrated In Figure 16. 

The unit vectors V and ^ are perpendicular to the edge-fixed 
plane of Incidence and the plane of diffraction, respectively. The 
unit vectors {s' and g lie In the edge-fixed plane of ncldcnce and the 
plane of diffraction, respectively as Illustrated in rigure 16. 

Again, irt be the Incident unit vector from the source to 
the diffraction point Qr, and s the unit vector from Qp to the obser- 
vation point. From the^above definitions It follows that: 


-e X s' 

|a a, I * 

(108) 

je X s'j 


X s* , 

(109) 

A A 

e X s 

/\ A| * 

(110) 

e X s| 


A A 

<|| X s . 

(111) 


These vectors form the two orthonormal basis of the "edge-fixed” 
coordinate system. Thus, the coordinates of the diffracted ray 
(s,6 ,♦) are spherical coordinates, and so are the coordinates of the 
Incident ray (s',6',(f'), except that the Incident (radial) unit vec- 
tor s' points toward the origin Q^. 

C. Dyadic Ref l ection Coefficient 


The reflected field in the "ray-fixed" coordinate system can be 
expressed as 


I’"(s) » r^(QR) • f^(s) 


( 112 ) 


where 


IT 



(113) 


which Is the dyadic reflection coefficient. Note that R and Rx are 
the scalar reflection coefficients for the parallel and perpendicular 
polarizations, respectively. 


Further, 
1"^(s) » 


r r 

PjP2 


fp;n)(p5^) 


1/2 


e'Jks 


(114) 
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In matrix notation, the dyadic reflection coefficient has the 


and the reflected field is given by 




e;(s) 


R„ 0l r E,^,(QR) 

0 R^ E^CQR) 


ys) . 


(116) 


0. Dyadic Transmission Coefficient 

Similarly, tr.e transmitted field can be expressed in the follow- 


ing way: 


^trans(s) , -fi(QR) . j 

where T is the dyadic transmission coefficient 


T - T 4 . p S T 

' ®ll 'll ^ 1 


(117) 


(118) 


Note that T„ and Tj^ are the transmission coefficients for the parallel 
and perpendicular polarizations, respectively. 


Further, 


Ms) = / -- t - 

^ (S+PJ)(S+PJ) 


(119) 


where the superscript t refers to the radii of curvature of the trans- 
mitted field wavefront. Since the expressions for T„ and Jx. given 
earlier are valid for flat plates only, p, and ^2 equal to the two 
radii of curvature of the incident field wavefront. 


In matrix notation can be expressed as 

fT,, olfE^n 




0 tJ I e]_(QR) 


ys) 


( 120 ) 


The angle of incidence to be used in computing the reflection 
and transmission coefficients is given by 

= cos'^ (-s'*n) 
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( 121 ) 


Note that only two components perpendicular to the direction 

«« s?r:S‘ - 

pendicular to the direction of propagation. ^ ^ 

E. £)^lc Diff raction Coefficient 

dent""^ inJidellce^SlonS'LriJ?? 

«c 'Xge-nxed plane of reflection, wMch cSntafSs 

vectors S and s along the reflected ray. This is depicted in Figure 

theordin^^’’^l^fo^'■iS„^^fi':^'fri?'l^^wn^n^ 
p?ini -«-t^o^°L’t"h^l;?„nrr' 

of incidence can be expressed in the following way: ^ ^ 


^e' ~ sin a 

^4,' ~ sina+ cos a 
or in the more compact matrix notation 


^e.f. = T(-a) P 


( 122 ) 


( 123 ) 


( 124 ) 


where 


T(-a) = 


cos a -sin a 


sin a 


cos a 


( 125 ) 




~ E cos a+ sin a 

n *• 


( 126 ) 


E^ = -EI^ sina + eJ; cos a 
or in matrix notation 


( 127 ) 


^e.f. ^ 


where 


( 128 ) 
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REFLECTED 
RAY ~~ 


A 

vj- 


PLANE OF 
INCIDENCE 


EDGE-FIXED INCIDENT 
PLANE OF RAY'^ 

REFLECTION / 




EDGE -FIXED 
PLANE OF 
INCIDENCE 


Figure 17. Comparison of the edge-fixed coordinate system and the ray fixed 

coordinate system. The incident and reflected rays are perpendicular 
to the page and directed outward. 




T(a) = 


COS a sin a 


-Sin a COS a 


In a manner analogous to the 2-D case, the diffracted field, 
which is valid for dielectric materials also can be expressed as 


A D + B D (.{.-4.') + T 


f^(s), where f^(s) 


irE'i 

+ U D^(<|)+ 4 .') ^0 f(j(s), where f^(s) = 

J J ^ ^^(131) 

It has already been shown in Chapter III for the 2-D case 
that the coefficients multiplying the D terms are proportional to 
the discontinuities of the geometrical optics field at the shadow and 
reflection boundaries. The same is true for the 3-D case, except that 
the coefficients are 2x2 matrices, which can be obtained by following 
the same procedure as in the 2-D case. 

To find A, one has to examine the (|i '+ir shadow boundary (see 
Figure 13), where D is the only term that is discontinuous. 

From Figure 16, it is easy to see that on the lit side of the 
boundary ^ 


(132) 


On the shadow side of the same boundary, the transmitted field is 
present. It follows that 


= -T(-a) 


(133) 


but the transmitted field in. {.he "ray-fixed" coordinate system can be 
expressed in terms of (eJ,,e\) as 




T'^(-a) 


( 134 ) 


Therefore (eJ ,E^) in terms of (L\,Ej,.) is given by 
0 ^ 43 ^0 ^ 


0 


Ei 


= -T(-a) 


0 


II 




Ej. 


eJ..J 


so the discontinuity at the 4 >'+ir boundary is equal to 

cos a -sin^ 


-1 0 
0 -1 




sin a cosq 


T.. 0 


II 


jVj 

t 

thus, X is given by 

• 1 + T° cos a + T° sin a (T(° - Tx) sin a cos o 
(T° - T^) sin a cos a 


A = 


(135) 


cosa sino< 


-sin“ cos^J 




(136) 


- 1 + T,P sin^a + if cos^ix 


(137) 


where the "o" superscript refers to the o-face of the wedge. 

To find Zt one has to find the discontinuity at the (tt- 4 ') 
boundary, where D (4>+4') is the only term that is discontinuous. 

On the lit side o? the (n-'i’’) boundary, the reflected field is ex- 
pressed in the edge-fixed coordinate system by 


J 


= T(a) 


0 


0 


R 


r ^(-«) 


d, 


e1. 


(138) 


Therefore, the discontinuity is given by 


< 

’ 

cos u 

sin a 



0 


cos a 

sin a 

< 


-sin a 

cos a 


0 



-sin “ 

cos “ 


k 

— 

— 


— 



— 


which 

impl ies 

that 
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i!*'j 


(139) 


f 

i 



rJ COSa -R^ SiOa 
-(R,°+R^) siDaCoso, 


(R°+R°) SinaCOSa 
-R[| sina +R^ COSa 


(140) 


T. ^ the same procedure must be followed to find I and 13. 

That IS, finding the discontinuities at the (t'- 7 r) and (2n-l) TT-f ' 
boundaries, where 0 (^ •(!.') and 0 (.^ +(/.*) happen to be discontinuous, 
respectively, it follows that 


and 


f = 


U = 


-1 + TjJcoSa +Tjs1na 
(Tj-Tj])sinaCOSa 


RjcoSa -R]]sina 

^ n , PI n ' 


(T||*Tj^) siriojCOSoi 

-1 + T^J’sina+ljJcoSa 


(Rj+R^)sinaCOSa 


-Rjsina+R][coSa J 


(141) 


^-(Rj+R_J^)sinaCOSa 
where the superscript "n" refers to the nir-face of the wedge. 

The 3-D diffracted field can be written in matrix form as 


(142) 



where 


s(P+s) 


j-Jks 


( 1 «) : 

I 

i 


^a ~ ^ ■ ^sina]^ 

Dn(^'-*‘) + [-R>si + R°siny D^{4.+.^‘) + [-rJcos^^ + 

R"sin|]D^(<^+<l.‘) 


°b = SinaCOSa Oq{.M.') + [T_J-T,';]sinaCOSaD^(.|-.|.*) 

^ K<] sina cosaj^(4,+^,.) + [-R^-R^JsinrfroS a X 

D^(*|.+^.') 
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(145) 



Oj. = [-T°+T°]sinaCOSa DQ(4»<t'') + [-TJ+T^] sinocosa -<!' ' ) 

+ [R,°+R°]sinacosa Dq(({>+ 4-' ) + [R[|+R][jjsinocoso ) 

(146) 

Od = [l - TjsinV T°cosl] Dq{<(*-<}-') + [l - Tjsin^- ij^cos?.] x 
On(4’-4’‘) + [R°sin^a- R^cosa] DQ(<}'r4.' ) + [R[]sin^ - 

R^cosa]D^(^.f(l;') (147) 

The diffracted field can, also, be expressed in a more compact 
notation as 

^s) “f’lU-E) • e-J"* (148) 

Where 


= -&o 6 q Og 'Bq 


Note that for the dielectric case, the dyadic diffraction co- 
efficient is equal to the sum of four dyads, but it reduces to dyadic 
form for the perfectly-conducting wedge. That is, for the perfectly- 
conducting case 



= 0 


( 150 ) 


I 
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CHAPTER V 

CURVED SURFACE DIFFRACTION 


It has been mentioned before that in rprt;*in racor . t 
are excited aloeg the surface of convex bodierlrSeJJctld'Jn HgerT 

principief'^rardlnS ?o Ssneraltzed Fermat's 

PO^?: :n^1*tr‘JSer‘'?h’:s^'lJZ r1^ 

convex 

ca, or eiectrica, d?^co‘^^^:'^;’?r;-„?L*;iL^=L’St^^^:n^l^rflce. 

tvrM;^o^nd^^i^ras 

region in'^tno partn"the°lit*reoton'and*sh!lH divides the 

is referred to^s the shad™ SSSSr"' ^he ™e?5';n"?he L'in ??r 

r;s: jiep“hi:v^g?o'J^ 

the reg.on adjacent to the shado» boundary a’most inteJestfng ca's" 

A. Lit Region 

propagate along straight"ltne*ray*'oathrfroi?fh**' ^ excites waves which 
in the lit regfon as 3ejic!e5 in%?gtl 20 driO'r5s n 
imal magnetic moment, and dP(O') an infinifociS ? mfimtes- 

where infinitesimal current moment. 


dP^(Q') = r(Q') X n'da' 

dpjQ') = i(z') df a- 


(151) 

(152) 



PLANE X e AT Qg 
EDGE 

(SURFACE NORMAL 
DISCONTINUOUS) 


Figure 18. Surface diffracted field SO. ES refers to the 
surface of the wedge. 
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(a) FIELD POINT IN 
SHADOW REGION 



LIT REGION 


Figure 19. Ray paths in the lit and shadow regions. 
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CONVEX 

SURFACE 


«D 


<a) 



At A A i 

n • t • cot B 
t • S' eotfl' ♦ tin 9' 
6) • ij X n' • 6 • I X n 


<b) 


Figure 20. Ray path and coordinate system for lit region 



normal at^O' «M', n the outward unit surface 

SlSrif cSr^eJt d1ctr?JuH««^^^ represents the 

The field due to this source (dPg(Q')) at point P is [ 9 ] 

'V r 1^/2 

^ -J (153) 

1 5 *°^® Q' ^5 the only caustic of the Incident ravs cn ^ 
?ront? iJe fSenJkS?' 11" field «v1- 

order terns which inai be neglicted^ln Soit Lse's. ‘ 

be chosih"?: b^»i(L^.;*j3Wtrth‘;? '*o> «" 

^1m p’ dFig(^Q) = Ug should exist (I54) 

Hrt 


S s 
0 


where 


£ 

It Is shown in [9] that rg can be related to dPg(Q') by 
Eg = dPip(Q') . Tg 

Combining equations (153). (154), and (155) 

d??(\)=dPg(Q.).fg4-.0[m;V/....], 

« A + t; b B b! b C + t' n 0] , 


’Tg = - [n' n M + n' b N] . 


(155) 


(156) 


(157) 


(158) 


and Z, ^ip^da^c^^^ ^ 

(dP^(Q-))'?s" '"^9«®tic source case 
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" 'ii t (dPm(Q') • b')(H^ + T^Fcose’) + (dP^j^'g') . 

f) T/cose ] . .L_ + 0[.Ti-/,m;^...] (159) 

and for the electric source case {dPg(Q')) 

-2 -3 

0[m ,m ,...] . (160) 


jiT /ni ^ component of dT for the magnetic source 
dPjjj(Q') case is 

’ 'i? • ‘’■'V + (dFJQ') ■ t') X 


(s* - tJfcos%') ] X + 0[m-/,ni-/,...] 
and for the electric source dP (Q') 


0 '"m' 

jks 


(161) 


■*■ ® H"? *'"?.•••] (162) 


where 


and 


H^ = 

F = S H ^osfl^ 

1 + T^cos^e^ 


(163) 

(164) 

(165) 


Further, 


The angle o’is defined by n’. s = cos«’ as shown in Figoreao- 


9(C) =-l 
/ir 




(166) 


and 
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CO 


(167) 


^k) 


] dx exp(-jx5) 


00 exp[-j-^] 


where g(c) and g(c) are known as the acoustic hard and soft Fock func- 
tions, respectively. The Fock type Airy function is given by’ 




ixt-tVs] 


„exp[ j^J 


and w^(t) is the derivative of w^Cx) with respect to x 
meter for the lit region is ^ 


reg 
cose^ 


with 


m^(Q') = 


m(Q' ) 


2 2 i 

(l+TgCos^e^ 


and 


m(f) = 


kp,(f) 


1/3 


(168) 


The Fock para- 


(169) 

(170) 


(171) 


where m(Q') is equal to m(t') evaluated at t'=Q'. Here p (f) is the 
surface radius of curvature along the ray path at t'. ^ 


B. Shadow Region 

Surface rays in the shadow region are illustrated in Figure 21. 
According to the generalized Fermat's principle, a ray emanating from 
the source dPm(Q') at Q* propagates along a geodesic path Q'Q on the 
surface and toward the observation point along the geodecic tangent 
at Q. 


The field dli^ at is [9 ] 
dX?(P3) = dE5(P„) 


p dpd 
1 2 
I 


n 1/2 


(s„SHV<>P 


-jks 


° + 0[m"^’m“^,...] 


(172) 


where P is the reference point, andp?,p^ are the principal radii of 
curvature of the wavefront. ^ 
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LENGTH OF ARC Q 0''0 s t 
DISTANCE lol^l = S 
LENGTH OF ARC Q'q" * t 

o 

AXIAL 

ray path 




DIFFRACTED 

WAVEFRONT 


CONVEX SURFACE 


RAY TUBE 


(a' Perspoctive view of a surface diffracted ray tulie. 


dV 


o T^T^O' 



(b) Top view of a diffracted ray (c) Side view of a surface dif- 

r.iy tube and the unit 

of the rays and the unit normal and tangent vectors 

binormal vectors at Q' and Q at Q‘ and Q 


Figure 21. Surface diffracted ray tube and ray coordinates 
for the shadow region. 








referenJfpoinrp" iSeV"? «f the 

let P„ he 5t the iUtZVoH l°T 


to 


then 


It follows that 

11". ’^dEj(Po) ■ rj(Q'.Q) 
o"*^ 

p2->o 

d 


d^g(Ps) = Lg(Q',Q) 


(173) 


Pc+s) 


1/2 


+ 0[m'2,m-3^._] (174^ 

lated tol^e sSorcl st^lngtVdF^Jt’r re- 

Lg(Q'.Q) = dPgfQ'.Q) . Tg(Q',Q) 

Where Tg(Q'.Q) is given by [9] 

_ -jk 


(175) 


= 4^It)'nTj{Q')H + t'bT2(Q')S + b'bT3(Q')S 

^ _ ,-1,4. r dll; 1 1 1/6 


+ t'^T^ 

(Q')HJ 

a“jkt 

e '' X 

-jkZ 

r- A 


_ u 

Ln'nT5(Q')H 


1 

r 

LWJ 




dip 

1/2 

Pd(o) ■ 



n'bT.r 

Q')Sj 

e-JI^ X 


(176) 


1/6 


(177) 


each point on the surface. ^Note^that^(t' n* b') and^?t '""h 
tangent, normal and binormal unit vectors ’tn’thi are the 

point (Q-) and diffraction point (Q) resoecti Jel 
the two orthonormal sets are related by components of 


t X n = b ^ X n' = b' 


(178) 


The quantities T, (O') T (nn t 
and iW) ere the toreiiS'’fi;ao?I‘’ jd'lle n?! 
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TABLE III 


Shadow Region 


TYPE Of CONVEX 
SURFACE 

i. 

SLOT 0« dp, CASE 

MONOPOLE OR 
4 CASE 

surface ray 

TORSION 

T(O’) 

SURFACE RADIUS 
OF CURVATURE IN 
V DIRECTION 

SURFACE ] 
OlFFRACTCO 
RAT CAUSTIC 
DISTANCE 

T, 10) 


TjtO'l 


I3BD 

TjlO't 


■ 

1 

0 

■ 

fl 

0 

0 

a 

otaa(-j) 


■ 

■ 


D 

■ 

MifliH 

•u z«' 

0 

t 

In 

Bn 

2t 

•la’ a' 


■ 

D 

TtO >/» lO'l 

■ 

■ 




D 


NOTE: 1. a' is defined by t| • t' = cosa' where t,' is the principal direction unit vector 
associated with R^tQ')* 

2. The quantities E and G denote two of the three coefficients E, F, G that appear 
in the "first fundamental form" of Differential Geometry . 


Sf POOR QUAUTY 

















Further, 


(179) 

H = g(fj and 

S = . (ISO) 

The Fock parameter ^ for the shadow region is given in [17] as 
Q 


Q' 


m(t' ) 


df 


(181) 


where t is the geodesic arc length from Q' to Q. The width of the sur- 
face ray tube at Q,dn(Q) is given by 


dn(Q) = p dij, 


(182) 


Combining Equations (174)-(177) one obtains for the dP (Q') 


case 


d^Ps) = e-J"* 

1/2 




L dll 


m' 
1/2 




' 'f, " (dVQ')-t')S 

-I 1/2 


(183) 


X 


(Q‘) 

-1/6 


1/2 

y 

1 

Pg(Q) 


dij; 

A 

s(Pc+s) 


[m“^,m'^,..J 


and for the dPg(Q') case 
-jkZ 


s(s+p^ 
-jkZ 


1/2 


■jks + 0 


(Q‘) 

pg'^ > 

-1/6 

\ 

Pq(Q) 


dip 

L, y j 



-2 -3 1 

m ,m 

* * * * J 



e-jks ^ 

(184) 
IIZ 


’ Tr dP,(Q') T„ s e-JKt 



-1/* p.,„l 

[Pg(0) J 

Ld»j 


1/2 
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where 




(18b) 



^7 


T„ = T(Q')»g(Q') ' ' 

with T(Q') being the surface torsion at the source location. Expres- 
sions for T(Q') are given in Table III. 

The formulas given for surfaces rays are of interest, because 
of the many practical problems where the fields radiated from antennas 
mounted on convex surfaces need to be calculated. 


Of particular interest is the prolate spheroid, because this 
shape is used to model objects like the fuselage of an aircraft, the 
mast of a ship, etc. Because the solution in the lit region is 
straightforward, the most critical aspect of this , 

is the calculation of the geodesic paths associated with the UTD solu- 
tion in the shadow region. In [10] efficient numerical algorithms are 
examined, where the spheroid is simulated by a perturbed cone or 
cylinder model depending on the location of the source. When the source 
is at the center of the spheroid, a cylinder model is used, and when 
the source is off the center, a cone model is used. 


Because the cone and cylinder are developed surfaces, it is 
easy to find the geodesic path for a given radiation direction (®t’®t^* 
Assuming that a new radiation direction does not differ much from the 
previous direction, this method uses the properties of the surface, 
and the previous geodesic path to find the new diffraction point. 

This approach decreases the amount of computer time needed to calcu- 
late the diffraction points, and geodesic paths, making it a very 
efficient and accurate solution for the radiation problem. 
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CHAPTER VI 


RADIATION PATTERN OF AN ANTENNA MOUNTED ON A 
CONVEX BODY IN THE PRESENCE OF A DIELECTRIC SLAB 


Many structures such as aircraft, ships, etc., can be modeled 
using flat plates and some kind of convex body such as a cylinder, 
sphere, spheroid, etc. The radiating system shown in Figure 1 is a 
good starting point in solving more complicated structures in that it 
makes use of all the results given up to this point. 

As illustrated in Figure 1, consider the antenna mounted on a 
perfectly conducting convex surface in the presence of an n-sided 
finite flat dielectric slab, which in general can have some loss. In 
order to avoid some geometric complications, let us assume that the 
dielectric slab is not attached to the convex surface. 

The total field at point (p), which has to be at least a wave- 
length away from any diffraction point is equal to the superposition 
of the following field components as depicted in Figure 22. 

(1) direct field from the source 

(2) reflected fields from the finite dielectric slab 

(3) transmitted fields through the finite dielectric 
si ab 

(4) curved surface diffracted fields from the convex 
surface 

(5) diffracted fields from the edges of the slab 

(6) vertex diffraction from each of the slab corners. 

It is convenient to first examine the radiation from the antenna 
without the presence of the slab. According to Geometrical Optics, 
the region external to the convex surface is divided into lit and 
shadow regions by a plane tangent to the surface at Q', This plane 
is referred to as the shadow boundary, and the region adjacent to this 
plane is known as the transition region. 

Consider two types of antennas: slots and monopoles on a con- 

vex surface. The expressions for dF® that were given in Chapter V 
are valid for infinitesimal slot and^monopole antennas mounted on an 
arbitrary perfectly conducting convex surface. They were obtained by 
generalizing the solutions for a circular cylinder. That is justified 
on the basis of the locality of the high-frequency propagation which 
is one of Keller's postulates. The generalization is necessary and 
very useful in analyzing complicated structures. 

60 



1. DIRECT SOURCE FIELD 

2. REFLECTED FIELD 



EDGE DIFFRACTED 

pield receiver 

EFFECTIVE 

SOURCE 

EDGE DIFFRACTION 



6. VERTEX DIFFRACTION 

f^igure 22 . Various terms used in calculating 
the total high-frequency field. 



RECEIVER 

4. CURVED SURFACE DIFFRACTION 
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A. Pattern Factors 


There are several ways of extending the expressions of Chapter 
y to cases where the slots are not infinitesimal. One approach is to 
integrate the short-slot solutions over the source distribution if it's 
known. This is based on the superposition theorem, and one can approx- 
imate the source distribution by an array of short magnetic dipoles 
on the conducting surface. 

• more eff icient approach is to modify the short-slot solutions 
as indicated in [12] and [13], where the results for the aperture 
problem are obtained by multiplying the short-slot solution by an ap- 
propriate pattern factor. The solution for the monopole antenna can 
be found using the reciprocity theorem and the equation of continuity 
for the slot case, as shown in [12] and [13]. 

The pattern factors were obtained by assuming that the slot 
aperture on the convex surface could be approximated by a slot on a flat 
plate. This implies that the dimensions of the slot have to be very 
small in relation to the radii of curvature of the convex surface. 

The pattern factors for an arbitrary convex surface are [10] 


(a) for the shadow region 


m 


m 


IB 


■s<n(i^(P^.b'))‘ 


[l - (f (%-i'))'. 

L 2 m J 


(187) 


Fg = n' [1 - cos(kL)] 


(188) 


(b) for the lit region 
/kB 

•p-t _ p ^ 

m '^m Tf 


cos(^sinb‘(P^.t')) 


1 - (^sine'(P^.t'))' 


sin(^sin e’(p^.b.)) 


J^sine’fp^.b-) 


p t _ ", cos(kL n'.s) - cos(kL) 
® 1 - (n'.s)^ 


(n'.s)‘ 

P = unit vector in the direction of magnetic current 
moment 

A, 8 « length of the short and long sides of the slot 
respectively. ’ 


(189) 

(190) 


It is assumed that a cosine distribution exists along the B 
dimension and a uniform distribution along the A dimension. 
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L = length of the monopole, which 1s not to exceed a 
quarter wavelength. All the other variables were 
defined before. 

Thus, by replacing dPe In Equations {1591-n621 and 
in Chapter V by the pattern factors just ^ven.oie obtains 
face^^^ aperture and monopole antennas on a convL sur- 

L1t R eg ion 

rfSt 


(a) (slot) 


^m^\^ = [(^•*b*)(HV^Fcose’)+(pJ|.t')T^jFcosO^] ^ 


-jks 




( 191 ) 


= ’i? K-‘>')V<-‘')(S*-T^Fcos26')j 1 


-jks 




(b) F® (monopole) 


e2(Pl) = 


“ jkZ r * 

[(^ • n ' ) S i ne ’ ( H'^+T^Fcose ’ )j 


( 192 ) 


s + o[m;^,m;^,...] 


-b/r, » '"^^O/Tri 1 a“jks 


"z 

( 193 ) 


= V^^^n•)s1n6 ^ 0[m;2,m;3,...] (194, 

Shadow R e gion 


(a) (slot) 


' 1 1 1/2 
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jkt 


- 1/6 
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1/2 
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^P^.+s) 


+ 0[m’2,m‘^...J 


( 195 ) 
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e-Jkt 
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EeCs) = TT 


■pq(Q’) 

-1/6 

1 

Q. 

■e- 

o 

j 



J 




1/2 




0[m 


(198) 


The first step in the solution of each term of the total 6TD 
field IS to determine the ray path using the law of reflection or/and 
diffraction. Assuming the ray path is determined, one must then 
examine the total ray path, to see whether or not it intersected an 
obstacle. If the ray path is not interrupted, the field value is com- 
puted and superimposed with other terras. On the other hand, if the 
path is interrupted, one can still compute the field at the receiver 
location, and then multiply it hy some factor to take into account 
the transmission through the obstacle. Of course, if there is not 
transmission, the transmission coefficient is zero and therefore the 
field is, also, zero. 


8. Source Field 

The direct and curved surface diffracted fields are computed 
using the results given in Equation (191) through (198). Both fields 
are referred to as the source fields in this chapter. Obviously 
when the field point is in the lit region, the lit region solution is 
used, and the shadow region solution is used if the field point is 
in the shadow region. 
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C . Refle cted _F i eld 

In order to determine the path of the reflected field from the 
finite dielectric slab, the law of reflection is used. To begin the 
solution, the receiver image position is found as illustrated in 
Figure 23. 

The source solution is then used to compute the field at 
the image position. The second step is to check If the ray path from 
the effective source to the image position intersects the slab. If it 
cr computed as follows: 


( 199 ) 


to the receiver image position 
does intersect the slab, then the reflected field is computed. The 
1-matrix in Equation (199) represents the reflected field polarization 
transformation matrix. It is determined from the equations [13] 


r*" = (n.F")n - (t.r^)t 

(200) 

(t.E^)t = - (E^n)n 

(201) 

r = 2(n.E^)n.E^ 

(202) 

^xx ^ * ^yx ^ ^ ^zx ^ ‘ 2(n.x)n-x 

(203) 

^xy ^ ^zy ^ ^ 2(n.y)n-y 

(204) 

hz ^ ^ ^yz y ^ ^zz ^ ^ 2(n.z)n-z 

(205) 


uoes interseci, me reriecteo rieio t 
r 1 r— —II — — . 
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T 

yx 
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yz 
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T 

zx 

zy 

zz 


J L 

If the ray path from the sourc 


where n and t are the normal and tannent unit vectors to the dielectric 
slab, respectively. Note that the T-matrix is independent of the re- 
ceiver location, so in order to improve the efficiency of the numerical 
solution, it can be stored in memory. 

D. Edge -Diffract ed Field 

The diffracted fields from the edges of the slab are obtained 
using the diffraction coefficients presented in Chapters III and IV. 
Assuming that one has determined the ray paths for these fields, the 
diffracted fields are given by 
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Figure 23. Geometry used to determine reflected field from 
plate. 


r^(s) « r^QE). [ ] X 


(206) 


U47) ^/‘espJctiSely'^ Equations (144), (145), (146), and 

r- ^](QE) can be determined from the expressions for the source 
field. In some cases, as illustrated in Figure 24, the incident field 
on an edge of the pi ate is a surface diffracted field. To completely 
specify the field at Q^, one has to compute the values of the two 
radii of ci^rvature of the wavefront p? and pH, and the amplitude and 
phase of E at QE. RecaP that one caustic of I (QE) is at Q as 
shown in Figure 24, so 



Figure 24. Surface diffracted ray incident on an edge of the 
plate. 
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( 207 ) 


- d 

Pi = s ; 

whereas, the other radius of curvature is given by 

-d _ d 

P2 - Pc + Pi 

such that for an arbitrary convex surface 


„ _ 2^G 
"c -zWcK • 


(208) 


(209) 


7en'gth''afong\^Vrrpa\"J'o"^^^^^^^ Jonve^'sJrVace.' '' 

diffr;,r5?nn^] diffraction coefficients are based on the 

Expressions for the corner diffracted fields associatpH 
and one edge are given in [14], but they arl norconsidered here^'°^^' 
IS enough to mention, that this coefficient in its present form nrp 
diets accurately the corner effect of various plate structures. ^ 


EFFECTIVE SOURCE 



67 



P^i^ticular source, plate edge, and receiver loca+inn fhc 
diffracted ray path is unique. The key in finding this unique “path ^ 
IS to determine the diffraction point along a given edL Jf^tL^niiVn 
Efficient algorithms to calculate the diffract ioHo^nrhaL tL^"^^' 

The junction edge need not be straight, which comoliratpc fho cni if-: 

description of these algorithms refer to Reference [13]‘ 
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CHAPTER VII 


RESULTS 


The final and probably most critical task is to ascertain the 
validity of the solutions given in the previous chapters. This is done 
here by comparing various calculated conical patterns with measured 
results. 

The geometry used to test the validity of the analytical solu- 
tions is illustrated in Figure 26, where the source is mounted on a 
ZX X 4x prolate spheroid. The source is a quarter-inch monopole or a 
slot placed at e =90 , which means that the cylinder perturbation solu- 
tion LtOJ IS used to calculate the various geodesic paths. 

It is necessary to define two coordinate systems to examine 
various conical pattern cuts. One of them is the cartesian coordinate 
system (x ,y ,i ) which defines the spheroid geometry as shown in 

2o- This system is then rotated into what is referred to as the 
system as illustrated in Figure 27. Note that the new carte- 
sian coordinates are found by first rotating about the z'-axis the 
3 ng e ^ , and then^about the y-axis the angle ® . The pattern is then 
01^^360 coordinate system with o ftxed and varying 9 from 



•0 

Mo 


Figure 26. Geometry used to test computed results. 
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Figure 27. 


Definition of pattern axis. 


criteria usld’iSXJd1ng'hor,janC°!"‘f‘° detail th, 

used for a partiCdU, "ood to b, 

indicated in Chapter V, the enerav nmna \ shadow region as 

5\“"9 t'io geodesic paths. This is inSstrltL™'"?'^'’ ““rcf 

2>X 4 X prolate spheroid. As threnerof "’ '^'9“''' for a 

IS continuously diffracted ;ilnnn around the surface it 

point, and thus decreasing ?n toward th^fie! 

strength. This implies that the reninn J^oi^tion to be maximum fie 
source point has the greatest effect - surface around the 

dow region. The region on the sShe^o?S If ^he sha 

Face ray is not below a certain leff? of "'^Snitude of the su 

IS depicted in Figure 29. Thus knofin^tf^® '"aximum field strength 
energy flow, one can decide which and how greatest 

given radiation direction. " " ^ ^ ^o use for a 

arc 4hOAp'inV1g^"re''3o"^or‘'al:rh'''’'“"." (“c'O. ♦=0.a=90) 

Without the presence of the s?ab. '^Both^f monopole antenna'^radiating 
in the region from'i'=l44° who agree very well except 

a few decibels below the «Lered r^s^Us' results are'* 

contnbdtiops of ra.s i and'a ar^i^POr'a'^^S'iri ’°?Sde'rtt ' 


^IV. 



gure 28. Geodesic path on a spheroid. 


ANTENNA 



REGION OF 
SIGNIFICANT 
GEODESIC PATHS 


Figure 29. Region where the magnitude of the surface rays is 
significant in relation to the pattern maximum, 
i.e., 40 dB below. 
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Figure 30. Roll plane ( e =0 , =0 ,e«90 ) patterns for a 0.25" monopole mounted at 

6^=90 . Only rays I and 2 are included (see Figure 31). 



Figure 31. The four dominant GTO terms that radiate at (a=90^»=i^d’ ). 




r 


calculated pattern would resemble more closely the measured pattern 
In that region. 


In most practical applications, the ratio of the major and minor 
axis Is much greater than two, which Implies that rays 3 and 4 are not 
significant in the roll plane cut. In all the caculated roll-plane 
patterns (0 *0. , 41 =0. ,0=90. ) that are shown here, only rays 1 and 2 
are included. 


The results shown in this thesis are divided Into two sets 
according to the position of the dielectric and/or metal plate(s). The 
first set includes calculated and measured conical patterns for the 
geometry depicted in Figure 32. 


Figures 33-39 show roll plane patterns for a quarter-inch mono- 
pole located at 0s=9O (see Figure 26) radiating in the presence of 
metal or dielectric plates of different thickness and dielectric con- 
stants. There Is very good agreement between the calculated and 
measured patterns even though in making the measurements. It was very 
difficult to position the plate at the exact desired location due to 
the lack of a reference coordinate system. Note that from now on. If 
It IS not specified. It is assumed that the source 1s a quarter-inch 
monopole located at 0^=90°. 


It was indicated that the 6TD solution is equal to the sum of 
several tenns. Figures 40-41 show the individual terms of the solution 
for a roll -plane cut { Gh=0= (ju.esQO), i.e., source, reflected and dif- 
fracted fields, for a 10 x TO" dielectric slab of e =10.0 and d=0.25" 
Figure 42 shows the total field for the dielectric sfab and for a metal 
backed dielectric. 


I 


♦ ^ 1 44 shows the effect of the dielectric constant on the 

total field for four different dielectric constants. All the patterns 
are roll -plane cuts. Figure 45 shows the same results except the 
dielectric slab is metal backed.- ^ 


Even though corner diffraction was not discussed in detail 
Figure 46 shows, the effect of adding the corner diffracted term to 
the total solution and it is clear that the discontinuity around (l>=70 
IS removed when the corner diffracted term Is added. The conical 
patterns are for e^=0.,^^=0., 0=75.1° . 


More calculated examples are shown In Figures 47-48 for conical 
patterns other than roll-plane cuts where both polarizations (E^.E^,) 
are significant. Another common source besides the monopole is allot 

patterns for axial and circumferential 
0.4 X 0.8 slots located at Os=90 . It is assumed a cosine distri- 

the ?h"orS? lhe° 
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Figure 35. Roll plane (0 =0',; =0'^,e=90°) patterns for a 0.25” monopole mounte<* at 

on a 2x X 4x spheroTd. ^ 
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Figure 36. 


^ patterns for a 0.25" monopoTe mounted at 

^=90. on a 2xx 4^ spheroid. 
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Spheroid only 

(no dielectric slab) Source field 


Figure 40. 


Calculated 
mounted at 
d = 0.264'; 


radiation patterns (e = 0° a = 0° e 
0- =909 The dielectric slab^is a*10" 
tan ' =0.0 (See Figure 32), = 36’.’ 


= 90°) 
X 10" 


for a 0.25" 
square, 


monopole 

10 ., 


Reflected Field 


Diffracted Field 


Figure 41. Calculated radiation patterns (e = 0? (|) = 0? 0 = 90°) for a 
monopole mounted at e = 90° Th^ dielectric slab is a 10" x 
= 10., d = 0.264" fan 6 = 0.0 (See Figure 32), p = 36'.' 


0.25" 

0" square, 



Total field for dielectric plate only 


Total field for a metal -backed 
dielectric plate 


Figure 42. Calculated radiation patterns (e = 0°, i * 0^, e * 90°) for a 0.25" monopcle 
mounted at e = 90°. The dielectric slab^'is a 10" x 10" square, e =10.. 
d = 0.264", fan £ = 0.0, (See Figure 32), p = 36". ^ 




Spheroid only 
(no plate) 


Metal plate 


0 ° 



Figure 43, Calculated roll-plane (e = 0°, 4 = 0°, e = 90°) patterns 
for a 0.25" monopole mounted at e° = 90°. The dielectric 
slab is a 10" x 10" square, of thickness d = 0.145", tan 6 
= 0.0 (See Figure 32), p. = 36". 
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Figure 47. Calculated conical patterns for a 0.25" monopole located j 
*64". . ® dielectric plate is a 12" x 12" square of 

tfiickness d = 0.25". = 10.. tan 6 » 0.0 (See Figure L) 
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Figure 49. Calculated roll-plane (e^ = 0®, ♦ - 0°. e » 90°) oatterns 
fo. a 0.4“ X 0.8“ slot 1 Seated at°e, = 90°. The dielecfri 
plate is a 12“ x 12“ square of thiciness d = 0.25“, e * 1 
tan 6 = 0.0 (See Figure 32) o. = 36". 






In the geometry for the first set of results (see Figure 3Z), 
the plate is located in both the lit and shadow regions. That is, the 
incident field along the slab is composed of the direct source field 
and the surface diffracted field. The second set of conical patterns 
is fcr the geometry depicted in Figure 50. In this case the slab is 
located entirely in the shadow region, so the fields illuminating the 
plate are surface diffracted rays only. Figures 51-56 show calculated 
and measured roll-plane patterns for a quarter-inch monopole located 
at « = 90 . Again, the results are seen to agree ver well. Note that 
there is a discontinuity in the claculated patterns for the dielectric 
slab case around -{ = 90, which implies that some extra term should be 
added to the total field. In this case that term is the double-dif- 
fracted field which was not included in the total field. This illus- 
trates a very important property of GTD, which is the fact that if any 
term that is significant in the total solution is not included, it 
shows up in the calculated pattern in the form of a jump or kink. 

Thus, one has a self-correcting mechanism by which one can guage the 
impact of the missing term and add higher order terms to the solution 
until one obtains a continuous pattern. 

The individual terms that make up the total field fcr the geo- 
metry of Figure 50 are shown in Figures 57-58 for a 12" x 12" dielec- 
tric slab of thickness d=0.25" and c =10. Figure 58 also shows the 
total field for the dielectric slab and for a metal-backed dielectric. 

Finally, Figures 59-61 show the effect of the dielectric con- 
stant on the total field for three different dielectric constants. 

It is important to emphasize that all the results presented here 
were obtained for a very stringent case due to the dimensions of the 
spheroid which is approaching a sphere. To actually model a missile 
or aircraft fuselage, the electric dimensions of the spheroid would be 
much larger than the ones chosen here, i.e., 2> x 4>. . Since GTD is 
based on the assumptions of the locality of the diffraction phenomenon, 
the larger the electric dimensions of the spheroid, one would expect 
to obtain more accurate calculated patterns. 
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Figure 51. Roll plane (e = 0°, <ji = 0°, e = 90°) patterns for a 0.25" monopole mounted at ' = 90° 
on a 2x X 4x spheroid. ^ 
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Figure 52. Roll plane (e = 0°, (f = 0°, e 
= 90° on a 2xx 4x spheroid. 
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t. = 0°, e = 90°) patterns for a 0.25" monopole mounted 
spheroid. 
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Figure 55. Roll plane (e = 0°, 4 = 0°, e = 90°) patterns for a 0.25" monopole mounted at 
e = 90° on a''2x x 4x spheroid. 
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Figure 57, Calculated radiation patterns (o =0°, <t> =0°, e = 90°) for a 
0.25" monopole mounted at o =90°: The dielectric slab is a 
12" X 12" square of thickness d=0,25", t =10, tan 6 = 0.0 
(See Figure 50) p. = 36". 



Total field for a netal-bjckod dielectric plate 


Figure 58. Calculated radiation patterns (o = 0°, = 0°, o = 90°) 

for a 0.25" monopole mounted at S = 90°.^ The dielectric 
slab is a 12" x 12" square of thickness d = 0.25", e = 1 
tan = 0.0 (See Figure 50) p , = 36". 
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Figure 59. Calculated radiation patterns (e = 0®, = 0°, o = 90 ) 

for a 0.25" monopole mounted at fi =90 The dielectric 
plate is a 10" x 10" square. (Sel Figure 50) p = 36". 
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Figure 61. Calculated roll-plane (o = o”, =0° e * 90°1 DAftAr*nc 
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a 10 10 square of thickness 0.264" (See Figure 50) 



CHAPTER VIII 


SUMMARY ANO CONCLUSIONS 


The ob-*ect of this thesis has been to calculate the high fre- 
quency radiation pattern of an antenna mounted on a arbitrary convex 
surface radiating in the presence of a dielectric or metal plate. The 
Gevnetrical Theory «' Diffraction was applied and extended here to 
include diffraction by flat dielectric slabs. Chapter VI discussed a 
systematic way of obtaining the total high-frequency field bv super- 
imposing the individual source, reflected, transmitted, edge’diffrac- 
ted and when needed the corner diffracted fields. 


The geometrical optics field, the reflection, and transmission 
coefficients for a lossy flat dielectric slab were discussed in Chapter 
II. The modified edge diffraction coefficients valid for wedges whose 
walls are lossy or lossless dielectric or perfectly-conducting plates 
were developed in Chapters III and IV. The interior angle of the 
wedge is assumed to be close to 0® or 180°. Otherwise, the diffraction 
coefficients are not valid. Although the present theory is valid for 
thin dielectric plates whose width cannot exceed a quarter of a wave- 
length in free space, it can be modified to treat the problem of dif- 
fraction by thick dielectric layers. It is possible to obtain dif- 
fraction coefficients for curved plates by adding two terms to the 
diffraction coefficients; however, the transmission and reflections 
coefficients would, also, have to be generalized to include curved 
slabs. Since expressions for surface diffracted rays are needed in 
the shadow region. Chapter V presented surface diffraction coeffi- 
cients for an arbitrary convex surface. 


The measured and calculated conical patterns for the two basic 
geometries presented in Chapter VII are seen to agree very well. An 
important property of GTD was demonstrated when the corner diffracted 
term was added to correct the discontinuity in the calculated pattern. 
That is, when a higher order term is important but not included in 
the final solution, a jump or kink will appear in the calculated pat- 
tern. Thus, one has a self-correcting mechanism by which one can 
guage the impact of the missing terms and add higher order terms to 
the solution until a continuous pattern is obtained. 


The most ifnraediate application of the results presented here is 
In the modelling of structures such as aircraft which are coitposed of 
non-metal 11c parts that play a significant role In the radiation 
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pattern. As a result of this study, an existing computer code was mo- 
dified which calculates the near-field radiation pattern of antennas 
mounted on an aircraft, which may have non-metal 11c parts. The electric 
dimensions of the spheroid used to model structures such as the fuse- 
lage of an aircraft or missile are much larger than the ones used here. 
Thus, more accurate results should be obtained due to the locality of 
the high- frequency diffraction phenomenon when the spheroid Is larger 
In terms of wavelengths. 
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